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(54) Sealing frits 

(57) These sealing glass frits are a class of frits that 
seal in the intermediate temperature range of 600°- 
800°C. The frits are based on high strain point/high CTE 



alkali-zinc-silicate glass compositions. The sealing frits 
are useful in planar solid oxide fuel cells (SOFC). 




CM 

< 

CM 

CM 
CO 

o> 

& 



Fainted by Xerox (UK) Business Services 
2.16.7/3.6 



BNSOOCID: <EP_098a274A2J_> 



EP 0 982 274 A2 



Description 
TECHNICAL FIELD 

5 [0001] This invention relates to sealing frits such as alkali-zinc silicate frits. More specifically, the frits are sealing frits 
for solid oxide fuel cells (SOFC). 

BACKGROUND ART 

10 [0002] Frits which seal in the temperature range of 600°-1 000°C represent an intermediate class of materials between 
the B2O3- or P205-based frits used for low temperature sealing 0I many, commercial, glass products and the devltritying 
frits used for high temperature joining of advanced, ceramic, structural components. The low temperature frits are used 
at temperatures below 600°C for sealing products such as cathode ray tubes (CRT), light bulbs and the like. The devlt- 
ritying high temperature frits are used at temperatures above 1 ,000**C to produce articles which may embody high tem- 

15 perature, fiber-reinforced, structural ceramics. 

[0003] A very old product in the intermediate temperature range of sealing is a ZnO-B203-Si02 frit. Another is a Li20- 
modif led. ZnO-Al203-Si02 frit designed for use between SOC-I .OOC^C. Frits that seal in the intermediate range of 600°- 
800°C are important in many industrial applications. The need for such frits became evident through requests for seal- 
ant frits for solid oxide fuel cells (SOFC). 

20 

DISCLOSURE OF INVENTION 

[0004] In response to the demands of the market place, we have invented a class of alkali-zinc-silicate frits that pro- 
duce seals in the intermediate temperature range of SOO^-1 00**C. These frits are high strain point/high CTE frits that are 
25 B2O3 free. They have properties that make them especially useful for planar SOFC applications. These properties are: 

mechanical and chemical stability at 750''-800° during operation of the fuel cell; 
sealing temperature up to 1 200** C; 

effective barrier against the permeation of hydrogen gas; and 
30 • CTE in the range of 100-120x10- 7AC. 

[0005] The combination of high viscosity and high coefficients of thermal expansion (CTE) is a somewhat contradic- 
tory requirement for a glass composition. Most high temperature, sealing frits typically possess a combination of high 
viscosity and low CTE. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0006] 

40 Fig. 1 is a perspective view of a stack of solid oxide fuel cells (SOFC). 
Fig. 2 is an exploded, perspective view of the stack of SOFCs. 
Fig. 3 is an exploded, fragmentary view of an SOFC. 

BRIEF MODE OF CARRYING OUT INVENTION 

45 

[0007] Figs. 1 and 2 are perspective views of a typical SOFC. This SOFC consists of alternating, unit cells composed 
of layers of a solid electrolyte, cathode and anode plates. The solid electrolyte generally is yttrium (Y) - doped Zr02. 
[0008] Figs. 1 and 2 show SOFC 10 including stacked, unit cells 12. Unit cells 12 include anodes 14. cathodes 16 and 
an electrolyte (not shown). 

50 [0009] Each cell 1 2 comprises distribution member 1 8 which embodies a plurality of parallel passages 20 for the sup- 
ply of electrolyte, oxidant or fuel. The axes of passages 20 lie in a common plane. 

[0010] Distribution member 18 is preferably manufactured from two, corrugated, ceramic plates. The corrugations of 
the plates are arranged parallel, and the troughs of one of the plates are bonded to the peaks of the other plate. This 
forms passages 20 which have a diameter on the order of 2mm. 
55 [0011] Porous, support structure 22 surrounds and extends transversely of distribution member 18. It contacts the 
peaks and the troughs of member 18 to form a plurality of parallel passages which are anode 14 or cathode 16 cham- 
bers of solid oxide fuel cell stack 10. They provide the distribution and removal of the electrolyte for solid oxide fuel cells 
10. The corrugated ceramic plates have apertures between passages 20 to allow fuel to flow from passages 20 into 
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anode 14 or cathode 16 chambers of solid oxide fuel cells 10. 

[0012] Rg. 3 is an exploded, fragmentary view showing anodes 14 and cathodes 16 and their relationship to pas- 
sages 20. 

[DDI 3] The glass frits of this invention may encapsulate each cell 12. or they may form a barrier between each cell 1 2, 
When forming a barrier, the glass frits will take the form of a plate sandwiched between adjacent cells 12. Structure 22 
also may be made of the glass frrts of this invention. The sealing frits prevent hydrogen gas from diffusing from one cell 
12 to another. 

[0014] The sealing frrts of this invention do not contain B2O3 arKi consist essentially of. by weight percent: 





Alkali-Zinc Silicate 


Si02 


50-70 


AI2O3 


0-5 


U2O 


0-5 


NagO 


2-10 


K2O 


5-15 


ZnO 


10-25 


BaO 


0-10 


TiOa 


0-5 


Zr02 


0-10 



[001 5] Preferably, the sealing frits consist essentially of. by weight: 

30 





Alkali-Zinc Silicate 


Si02 


55-65 


AI2O3 


0-3 


U2O 


0-4 


NasO 


2-8 


K2O 


5-10 


ZnO 


15-20 


BaO 


0-5 


TiOa 


0-5 


Zr02 


0-6 



[001 6] The weight percents herein are calculated from the glass batch on an oxide basis. All temperatures herein are 
given in Celsius (**C). 

50 

Example 

[001 7] TABLE I shows several glass compositions for high strain point/high CTE glasses. The data shown are for three 
examples of alkali-zinc-silicate glass compositions. Each of the compositions was chosen for remaking as a frit because 
55 the values of softening point and CTE (RT-300**) reported for the bulk glass exceeded the minimum required values, 
respectively. 650° C. and 90x10'^/**C. After melting, each composition was made into a frit by dry ball-milling to a mean 
particle size of 10-20 ^im. 

[0018] Small cylinders were then hand-pressed for the evaluation of flow performance. Bars for CTE and viscosity 
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measurements were made by pressing such shapes using a hydraulic press. All test specimens were fired to the indi- 
cated thermal cycle arxJ then evaluated for properties. In the case of flow performance, a rating of "very good" meant 
that the frit flowed to such an extent that the initial, 12 mm diameter increased to at least 25 mm upon firing. 
[001 9] The alkali-zinc-silicate frits did not undergo any substantial crystallization prior to flow, and consequently exhib- 
5 ited substantial flow. The relatively good agreement between bulk glass and fired frit properties further indicates that 
the frit remained vitreous during the firing treatment. 

[0020] The data in TABLE I show that these alkali-zinc-silicates are excellent sealing frits for many applications in the 
temperature range of 600°-1000**C. The data in TABLE I also indicate that the alkali-zinc-silicates have the potential for 
use in a solid oxide fuel cell. They have the desired CTE, but their softening points are marginal to meet the strict 
10 requirement of mechanical stability at 750*'-800*'. These compositions did serve, however, as the basis for attempts to 
increase viscosity through devitrification. Other potential applications for high CTE frits are coatings for bonding to a 
particular substrate at a temperature no greater than 1000''-1 IOC. This requirement puts an upper limit of the softening 
point of approximately 850°-900°. 

15 

TABLE I 



Compositions for High Strain Point/High CTE Frits 


Weight Basis % 




1 


2 


3 


4 


5 


6 


7 


8 


9 


Si02 


62.2 


58.9 


58.9 


60.0 


62.2 


58.7 


59.8 


59.4 


56.3 


AI2O3 


1.6 


1.5 


1.5 


1.5 


1.6 


1.5 


1.5 


2.0 


1.9 


LI2O 


2.3 


2.2 


2.2 


2.2 


1.0 


0.9 


0.9 






NBzO 


4.7 


4.5 


4.5 


4.6 


7.5 


7.1 


73 


7.7 


7.3 


K2O 


72 


6.8 


6.8 


6.9 


7.1 


6.8 


6.9 


11.7 


11.1 


ZnO 


173 


16.4 


16.4 


16.7 


18.5 


175 


17.9 


19.2 


18.2 


BaO 


4.7 


4.4 


4.4 


4.5 


2.3 


2.2 


2.2 






Ti02 








3.5 






3.5 






ZrOz 




5.3 


5.3 






5.3 






5.2 


Physical Properties 

Bulk Glasses (Annealed @ 575° C.) 


CTE (RT-300**) 


89.2 


82.0 


83.1 


87.0 


93.7 


89.0 


91.8 


104.5 


97.6 


Softening Pt., 

^C. 


667 


711 


714 


668 


692 


739 


696 


740 


786 


Frits (Sintered @ 800V1 hr.) 


CTE (RT-500*>) 


106.8 




92.5 






93.6 






101.3 


Softening Pt., 


681 




781 






733 






783 



[0021] The R20-ZnO-Si02 compositions set forth in TABLE I are illustrative of the present invention. Batches, based 
on these compositions were mixed, melted and poured in conventional manner to provide test pieces for measurement. 
so Compositions 1 , 5 and 8 are base compositions in which the ZnO content was gradually increased, typically at the 
expense of Si02 and/or total R2O. Also. Li20 was replaced by Na20. 

[0022] The remaining compositions (2-4. 6. 7 and 9) were formulated in an attempt to obtain an increased softening 
point by means of glass devitrification. Thus, a three mole % addition of a potential crystallization agent, selected from 
ZrOa, ZrSi04 and Ti02. was added to the batches of base glass compositions 1 5 and 8. The amounts are shown in 
55 weight % in TABLE I for consistency. Zr02 was added to composition 1 to form composition 2. ZrSI04 was added to 
compositions 1 , 5 and 8 to form connpositions 3. 6 and 9, respectively. T1O2 was added to compositions 1 and 5 to form 
compositions 4 and 7, respectively. 

[0023] TABL£ I lists the measured CTE and softening point for each composition in bulk glass form, after first anneal- 
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ing at 575** C. In addition, properties are also listed for several of the glasses after they were made into frits. These 
glasses were ball-milled to a 15-20 powder, dry-pressed into a disk or bar, sintered at 800** C. for one hour, and then 
sawed or drilled into the required shape for the property measurement. 

[0024] The data in TABLE I indicate thai the are higher in softening point than the initial additive-free compositior^. 
Within each of the three sets, the highest softening point was attained with 3 mole % addition of ZrSi04 to the initial frit. 
The three 2rSi04-containing compositions (#s 3, 6 and 9) were ball-milled so that properties could t>e determined on 
them as frit batch. Also included in this study were the parent base frits. As frits, all three of the compositions were sig- 
nificantiy higher in softening poirrt than was the initial frit. Of the three compositions to which ZrSi04 was added, com- 
position 9 in TABLE I. with the CTE of 101.3x10'^/°C.. was preferred. 

[0025] In an effort to provide higher temperature sealing materials for use as fuel cell sealants, potential crystallization 
catalysts were also blended into samples of the conposition 9 frit as mill additions. The crystallization catalysts selected 
for blending were zirconia and alumina. The zirconia used had a mean particle size of approximately 3-5 ^m. The alu- 
mina used was a reactive aluminum oxide with a mean particle size < 0.5 iim, although there is good reason to believe 
that other commercial aluminas could as well be used for this purpose. 

[0026] The samples were tall-milled to a mean particle size of 15-20 jim. and then blended on a 90:10 proportion (wt. 
basis) with the zirconia, and the alumir^, mill additions. Flow buttons were made form these mixtures by hand-pressing 
5g of powder into small cylinders (1.25 cm diam. x 2.5 cm tall) and firing at 1000** C. for one hour. Also included was a 
flow button of frit powder without any mill addition (straight frit). After firing, the flow properties of the mixtures, and of 
the straight frit, were compared to obtain a qualitative estimate of frit viscosity. Both the straight frit and the zirconia 
blend showed substantial flow during the 1000° C. firing. This indicated that, at the particular loading level and/or parti- 
cle size employed, zirconia did not increase viscosity as well as alumina. The flow button for the alumina mixture was, 
by contrast to the zirconia blend, well-sintered. Only moderate slumping took place during the 1000** C. firing. 
[0027] X-ray diffraction data were obtained from runs made on fired, frit bodies containing alumina as a mill addition. 
These data indicated that leucite (K20-Al203-4Si02), a compound having a high CTE, was formed during firing. 
[0028] TABLE II sets forth several potential sealing materials for which comparative properties are recorded. Materials 
A and B were based on composition 9 of TABLE I, that is, without any mill additions. Materials C through F represent 
blends of composition 9 with varying amounts of the reactive alumina as a mill addition. The ratio of the glass of com- 
position 9 to alumina in weight % is shown for each material. 

[0029] Shown are the composition , the sintering temperature, the relative amount of flow, the measured CTE, and 
the softening point for each sintered blend. The sintered blends made with levels > 1 0% appeared decidedly crystalline. 
The softening point increased for all levels of addition. 

[0030] The CTE increased with increasing addition, except for the 95:5 blend containing 5% by weight AI2O3. The 
decreased CTE for this blend indicates that the presumed crystallization mechanism does not occur at this low a level 
of alumina addition. Rather, the lowered expansion, expected from a rule-of-mixture standpoint with the addition of alu- 
mina having a CTE of 70x10'^/**C., occurs. 

[0031] One blend with 10% loading, Example D in TABLE II. appears especially attractive as a sealing frit for solid 
oxide fuel cells. RT as used herein is room temperature at about 25** C. 

[0032] Examples E and F indicate that, while the present frits are mid-tenperature frits, they may become useful at 
higher sealing temperatures with the alumina mill addition. 



TABLE II 





Properties of Alumina Blends 


45 


Ex 


Composition Weight 
Basis 


Rring Schedule 


Row Behavior 


CTE, RT- 500 


Softening Point 




A 


100 #9 


1000**/1 hr. 


melted 








B 


100 #9 


800**/1 hr 


excellent 


101.3 


783** 


so 


C 


95%#9 5%Al203 


800**/1 hr 


excellent 


95.5 


8or 




D 


90%#9 10% AI2O3 


1000V1 hr 


slunped 


101.7 


837** 




E 


85%#9 15% AI2O3 


1100*'/1 hr 


none well-sintered 


107.8 


crystalline {> 1150°) 


55 


F 


80% # 9 20% AI2O3 


1150**/1 hr 


none well-sintered 


113.7 


crystalline (1150**) 



[0033] Although the now preferred embodiments of the invention have been set forth, it will be apparent to those 
skilled in the art tfiat various changes and modifications may be made thereto without departing from the spirit and 
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scope of the invention as set forth in the following claims. 
Claims 

5 1 . Alkali -zinc-silicate sealing frits which seal in an intermediate temperature range having a composition consisting 

essentially of, by weight percent: 





Weight Percent 


SiOg 


50-70 


AI2O3 


0-5 


□20 


0-6 


NaaO 


2-10 


K2O 


5-15 


ZnO 


10-25 


BaO 


0-10 


Ti02 


0-5 


ZrOg 


0-10 



25 

2. Sealing frits according to claim 1 wherein the composition consists essentially of. by weight percent: 





Weight Percent 


Si02 


55-65 


AI2O3 


0-3 


LigO 


0-4 


NaaO 


2^ 


K2O 


6-12 


ZnO 


15-20 


BaO 


0-5 


TiOg 


0-5 


ZrOg 


0-6 



45 

3. Sealing frits according to claim 1 wherein the composition contains, as an addition to the composition, a crystal- 
lization agent selected from the group consisting of Ti02, ZrOa, and ZrSi04. 

4. Sealing frits according to claim 3 wherein the selected crystallization agent is ZrSi04. 

50 

5(7). Sealing frits according to claim 1 having a high viscosity and a high CTE. 

6(9). A sealing material that is a blend of an alkali-zinc-stlicate sealing frit according to claim 1 and a mill addition 
selected from zirconia and alumina. 

55 

7(1 1). A sealing material according to claim 6 wherein the mill addition is a reactive alumina having a mean particle 
size less than 0.5 ^m. 
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8(12). A sealing material according to claim 6 wherein the mill addition is up to about 20% by weight of the sealing 
material. 

9(14). Solid oxide fuel cells sealed with the sealing frits of claim 1 . 

10(15). A solid oxide fuel cell in accordance with daim 9 wherein the seal provides an effective barrier against 
hydrogen gas permeation. 
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